Pr~l"~s 98 TO 100.
The occurrence of bone in abnormal locations has been frequently reported in the literature. Its experimental production in various species of animals has also been recorded by a number of wogkers. Recently one of us (1) described a case of bone formation in the Fallopian tube and gave a discussion of the possible mode of its origin, based upon a review of the literature and a clinical and histological study of the case. At that time it was observed 'that most of the experimental work done was in connection with different problems, such as the origin of the blood ceils and the restoration of renal function, and that for this reason reliable and convincing data on the mode of origin and growth of aberrant bone were not available. Though almost all investigators agreed that such a bone arises from fixed tissue cells b y a process of metaplasia, there were great differences of opinion as to the factors initiating the process, and as to whether the proliferating cells become osteoblasts or merely a hyaline connective tissue which later is directly converted into osseous tissue.
The view credited'to von Hansemann (2) that aberrant bone formation owes its origin to misplaced islands of perichondrium or cartilage was early rejected as insufficient to hxplain the frequent occurrence of bone in sclerotic vessels, in necrotic and calcified areas in the lungs, the gastric mucosa, and in other organs in no way associated in their development with cartilage. From a study of pathological specimens Pollack (3), MSnckeberg (4), Bunting (5) , Buerger and Oppenheimer (6) , and others (7) presented what they believed to be histological evidences of metaplasia. By experimental investigation Sacerdotti and Frattin (8) , Lick (9) , and Poscharissky (10) showed that bone can be produced in the rabbit kidney by ligatiug the vessels. Maximow (11) described various stages in this bone forma, tion in the rabbit kidney in connection with his studies on the histogenesis of blood cells. Pearce (12) described similar bone formation in the dog kidney after removal of bits of its tissue, and concluded that the bone was produced by the direct ossification of scar tissue. In the aorta of the rabbit Harvey (13) was able to produce bone as well as cartilage by painting the external wall with a solution of silver nitrate in some cases and with one of cupric sulfate in others.
In every instance in which bone was produced in abnormal locations, there has been observed a proliferation of connective tissue cells and capillaries which seemed to migrate into the areas of necrosis and calcification. Bunting and others have favored the theory that the calcium salts act as a stimulus which induces the young connective tissue cells to differentiate into bone-forming cells. While the majority of writers on this subject thus believed the connective tissue cells to be chiefly concerned in bone formation, Thoma (14) was of the opinion that t]/e osteogenic cells are derived from the endothelial cells of the capillaries that erode the calcific placques.
The rather frequent occurrence of cartilage in cases of heteroplastic bone formation as well as in Harvey's experiment suggested that possibly a primary conversion of connective tissue cells into cartilage may take place in some instances witl/ subsequent formation of osseous tissue. Such a possibility was indicated also in the case of the Fallopian tube referred to above.
The bone marrow in aberrant bone was believed by Marchand (15) to arise from marrow cells transported through the blood stream, while Maximow was of the opinion that itwas derived from the wandering cells or large lymphocytes, and Bunting thought it to be the result of a metaplasiaof connective tissue cells.
It is thus apparent that although numerous observations both on human pathological specimens and animal experiments have been pubfished, the opinions based upon them are conflicting. Owing to the accidental nature of the experimental investigations thus far carried out, detailed descriptions of. the processes involved in the aberrant bone formation are not available. We have, therefore, decided to carry out further investigations as regards the mode of "origin, growth, and detailed structures of the bone, as well as the probable part played by cartilage and calcium salts in initiating this bone formation.
Material and Methods.
Thirty-nine rabbits were divided into three series. In the first series of twenty animals renal vessels were ligated on one side. 1 In all btlt one animal the left side was chosen. In two of the animals the ureter was included in ligation and resection. In the second series of fourteen rabbits a portion of the ear and xiphoid cartilages was resected and transplanted into the subcutaneous tissue of the same animal. In a few instances the cartilages transplanted were previously boiled in water. The five animals comprising the third series were subjected to subcutaneous and intramuscular injections of calcium salts, consisting of calcium chloride and calcium carbonate, and of sodium phosphate.
All the animals were killed at various intervals in order to follow progressively the changes that were brought about by the experiments. The tissues were fixed in 4 per cent formaldehyde solution, decalcified in a mixture of phloroglucin and nitric acid, embedded in celloidin, and stained in hematoxylin and eosin. In some instances the Weigert-Van Gieson method of staining was resorted to in order to differentiate the tissues. Many of the kidneys were sectioned in toto for the purpose of studying different areas of the kidneys.
Series 1. Ligation of Renal Vessels.
Experimental Data.
Animal 1. 3 Days after Ligation.--
The left kidney appears to be practically normal in size. It is dark red in color and soft in consistency and cuts easily throughout its entire extent.
Microscopic Examination.--The parenchyma of the kidney appears definitely hyaline with nuclei more pycnotic than normally. Hyaline casts occupy the lumina of the tubules. The capsule is edematous and infiltrated with lymphocytes, and presents a begirmir/g fibroblastie proliferation. The transitional epithelium of the calices is desquamated en bloc at various places, and the cells are somewha~ hyaline. Granular calcium deposits are noted along a layer of leucocytes which occur close under the capsule.
Anbnal 2. 7 Days after Ligation.--The left kidney is somewhat larger than the right and is very soft. The capsule is thickened and the cortex pale. There is a gritty sensation on cutting through the organ.
Microscopic Examinat/on.--Appearance similar to that in the previous animal except that the hyaline degeneration of the renal tissue is more pronounced and the epithelium of the calices appears healthy at places. Calcium deposits are noted under the capsule.
Animal 3. 14 Days after Ligation.--The left kidney is smaller than the right, soft to touch, and grayish in color. A slight gritty sensation is elicffed upon cutting through the tissues.
Microscopic Exarairtation.--Sections show an invasion of the hyaline cortex by fibroblasts from the capsule, accompanied by lymphocytes and capillary blood vessels. The granular calcium deposits have increased slightly in amount and are confined chiefly to the outer borders of the cortex.
Animal 4. 27 Days after Ligation.--The left kidney is markedly diminished
in size and is completely surrounded by a mass of fatty tissue. The cortex is hard and cuts with difficulty. The ureter is grayish white and elastic. The pelvis of the kidney contains a soft, elastic, grayish white tissue mass.
Microscopic Examination.--An increased amount of calcium deposits is noted in the cortex and also a slight increase in the medulla. The cortex is invaded by a fresh granulation tissue with numerous lymphocytes.
Animal 5. 28 Days after Ligation.--The left kidney is slightly smaller than
the right and appears grayish red. The capsule is surrounded by a mass of fat. The organ cuts with a distinctly gritty sensation. The region about the pelvis is filled with a grayish white, pliable mass of tissue. No bone can be made out on gross inspection.
Microscopic Examinatbon.--Sections show calcific deposits in the cortex and in the medulla close to the calices. No noticeable amount of calcium is found in the medulla. The entire parenchyma is hyaline and necrotic. The cortex is infiltrated with lymphocytes, and is invaded by numerous fibroblasts and capillaries. Several multinudear giant cells are found in this area. The calcification involves the interstitial tissue as well as tubular and glomerular epithelium and also the walls of the blood vessels. The calices are covered completely by healthy looking transitional epithelium which lines also many of the collecting tubules. Numerous calcitic deposits are noticed in the calices and are surrounded by young connective tissue. Lymphocytic infiltration is well marked in this area. These calcific deposits are being invaded by fibroblasts and capillaries, and their edges have become irregular as if an erosion is taking place.
Surrounded by a mass of connective tissue in the proximity of the epithelium of the calyx there is a small spicule of bone whose periphery is lined by irregular layers of fibroblast-like cells, the axis of whose nuclei is chiefly perpendicular to the surface of the bone. Some of the bone cells along the edge of the spicule still retain the shape of the cells which cling to the periphery, while others have assumed an appearance typical of well developed bone corpuscles. No marrow cavity or Haversian system is as yet formed. There is, however, a small dent on the side of the bone in which are found a minute capillary containing a few erythrocytes, a row of fat spaces, and several fibroblasts evidently migrating from the surrounding connective tissue areas. A multinudear giant cell of the ostcodast type clings to the edge of the bone. Microscopic Examination.--Sa~e general appearance of the cortex and medulla as that of the previous ~nirnal. The number of spicules of bone is now greatly increased. Lying underneath the epithelium of the calices and separated from it by connective tissue layers of variable thickness, these spicules are at several places directly continuous with a rather dense connective tissue. In most places this connective tissue is separated from the bone by a layer of cells not unlike periosteum, but in other places its fibers merge directly into the bone. If one traces such an osteoid tissue outward into the medulla, one finds that it is continuous with the connective tissue which extends from the capsular regions.
The spicules of bone are perforated by cavities of various sizes, and their edges are made irregular by numerous indentations and projections. These cavities and indentations are lined by a layer of cells closely resembling periosteum or endosteum. Some of these cells are intimately united through their cytoplasm with the matrix of the bone, as if they are being converted into bone corpuscles. Fibroblasts and capillaries occupy these cavities; a few leucocytes of mononuclear as well as polynuclear variety are also found outside the capillaries. Microscopic Examinat/on.--Practically the same appearance that was found in Animal 6; although the spicules of bone are fewer in number and the epithelium of the calices is thinner. The only two spicules of bone that are found lie under the epithelium and are directly continuous with the fibrous connective tissue which surrounds them. There is a close connection between the connective tissue growing in from the capsule and that proliferating in the calices.
Animal 8. 35 Days after
Ligati~.--The gross and microscopic pictures are practicMly identical with those described in the two preceding animals. Five or six centers of bone formation, lying under the epithelium, or around the buds of epithelium which are extending into the medulla, are noted. Most of them show a continuation from the connective tissue to bone as previously mentioned. Several spicules have a boundary layer of osteoblasts (Fig. 1) . Cavities in the bone contain a fairly large number of myelocyte-llke cells with finely granular, amphophilic cytoplasm and large single, vesicular nuclei of either oval or V shape. Mitosis is rather frequently encountered among the celis that occur within the cavities of the bone. Coarsely granular eosinophilic forms of such cells also are found. Similar cells are met with in the connective tissue areas near the bone and also at a considerable distance from it. Fibroblasts and dilated capillaries also occur within the cavities. The connective tissue of the marrow now assumes a definitely reticular form. Microscopic gommination.--The epithelial proliferation is similar in extent to that found in the previous animal. The calcium deposits are confined chiefly to the cortex, but are also found in the medulla. A few narrow but long spicules of bone are located in the proximity of the epithelium of the calices and around the buds of epithelium. They contain cavities which are similar in appearance to those found in the previous animal. The epithelium over the bone appears to be degenerated in many places.
Animal 11. 41 Days after Ligation.--The left kidney is small and shows on
the cut surface a dense calcification in the cortex and small, hard loci of either calcification or ossification in the grayish medulla, close to the pelvis.
M~oscopic t~xamination.--A considerable outgrowth of epithelial buds is
found. Large spicules of bone are. present in the connective tissue areas of the calices, a direct continuation between the bone and the connective tissue fibers being well demonstrated. The cavities in the bone contain the same structures as those found in the two preceding al~irnnls.
In areas close to the bone there is an areolar connective tissue which conrains in its reticula a rather large number of mononuclear leucocytes of various shapes and sizes. Most of these cells appear to be ordinary lymphocytes; others resemble myelocytes and possess a large cytoplasm, which takes up ~eosin stain, and oval or notched nuclei. Calcific placques are found in the neighborhood of the bone. The loose connective tissue described above is continuous with the connective tissue area surrounding the necrotic medulla of the kidney. Microscopic Examination.--The entire renal tissue has been replaced by conneetive tissue, except in a small area where a trace of glomemlar structure is still visible. Calcium deposit is noted practically everywhere in the organ, except in areas close to the pelvis where the connective tissue proliferation is most pronounced. Extension of epithelium of the calices into tubules has taken place, but the epithelial cells have become much lower, the nuclei mostly pycnotic, and the cytoplasm is vacuolated in many instances.
Spicules of bone are numerous and are more widely distributed than in any of the previous animals. In addition to those occurring near the pelvic epithelium there are several loci of ossification in the medulla. In the latter situations many small spicules are being laid down in such a way as to become directly continuous with calcific placqu'es. These placques are surrounded by a large number of fibroblasts, capillaries, and comparatively few lymphocytes. A few fibroblasts are seen clinging to the edge of the calcium deposits, and become incorporated into their periphery, giving rise to an appearance similar to the new bone laid down along the lime plates (Fig. 5) . In some instances epithelial buds derived from the ca[ices are noted in the vicinity of these new forming bones; in other instances epithelial structures are nowhere to be seen. One of the bone spicules thus formed in direct contact with calcific placques contains in its cavities strings of fibroblasts, capillaries, and numerous leucocytes of various types. Someof these leucocytes are either lymphocytes or poly:nuclear neutrophils, but the majority resemble myelocytes. There are also quite numerous giant ceils that cling to the edge of the bone. Megacaryocytes are also frequently seen, some of them being found in the act of phagocytosing myelocytes and polymorphonuelear leucocytes.
Near the calices the cavities occur within the substance of the bone or between it and the surrounding dense connective tissue. These cavities contain the same types of leucocytes that were described in the previous paragraph. It is among these myelocytes that mitotic fgures are not infrequently observed. Some of the dividing myelocytes possess coarse, granular, eosinophilic cytoplasm, while others contain fine amphophilic granules. Microscopic gxamination.--The medulla is found to be composed largely of organization tissue containing a great number of epithelial buds growing outwards from the calices. Numerous small spicules of bone are also found.
Animal 15. 94 Days after Ligation.--The left kidney is fairly large and cuts
with considerable difficulty. It is completely surrounded by a mass of fat as in all other instances. The gross appearance of the cut surface does not differ materially from that in the previons animals, except that the bone spicules are distinctly larger, with specks of bright red color suggesting red marrow cavities.
Microscopic Exaraination.--Several large spicules of bone are found at the original site of the calices. Bone cells appear characteristic. Complete Haverslan systems are quite numerous, the smaller ones containing only capillaries while the larger ones enclose, in addition, several cells closely resembling myelocytes. These Haversian canals are mostly lined by layers of cells which resemble endosteum. Lamellations of the bone are typical. Some of the I-Iaversian canals may be traced into the larger cavities to be described immediately, and contain capillaries that are directly continuous with those found in the latter cavities.
The larger cavities above referred to lie either within the bone, between the bone and connective tissue, or within the wall composed of a number of smaller spicules of bone. Such cavities resemble bone marrow in several respects. Fat spaces are distributed in the cavities somewhat as in normal marrow, but seem to be less numerous. Between these fat spaces are found masses of leucocytic cells, the majority of which are mononuclear and transitional myelocytes of amphophilic variety. Eosinophilic and basophllic types also occur, but much less frequently. Numerous polymorphonuclear neutrophilic leucocytes and lymphocytes are also observed. Typical normoblasts and megaloblasts are present in small numbers.
There are from six to eight giant ceils in each microscopic field, with ocular 4 and objective 3. Some of these possess single, deeply staining nuclei of large size while a smaller number are multinucleated. Several of these giant cells have evidently ingested polymorphonuclear leucocytes and myelocytes in various stages of degeneration (Fig. 4) . Erythrocytes are scattered among the marrow cells as well as within capillaries. Mitotic figures occur not infrequently among the myelocytes.
Animal 16. 100 Days after Ligation.--The left kidney is small and is densely
infiltrated with calcium deposit throughout, except at the pelvis where there is a soft, grayish white tissue mass. Bright red streaks about 3 ram. wide are noted at the corners of' the pelvis and appear to be enclosed within thin shell~ of bone.
Microscopic gxamlnation.--The cortex consists of masses of calcified tubules with hyaline connective tissue between them. The region of the pelvis contains also hyaline connective tissue with numerous small round cells and fibroblasts. Near the calices which are lined by thin epithelium there are large numbers of tubules lined by an extension of the epithelium. There are large numbers of bone spicules in the callces, some of them extending so far out that they become directly continuous with calcified tubules of the medulla. In places they are pierced by epithelial tubules created by an extension of the epithelium of the pelvis. The bone cells are identical with those found in normal bone. In the spicules which are lying closer to the marrow cavities, however, some of the bone cells have become indistinct, the osseous tissue forming a deeply eosin-Staining mass devoid of definite lameli~ and cell membranes. At several places the osseous tissue passes over gradually into hyaline connective tissue which contains also some young fibroblasts.
The marrow cavities contain the same type of leucocytic cells that were described in the previous animal. Myelocytes, megacaryocytes phagocytosing myelocytes and leucocytes, fat spaces, capillaries, and other constituents of the normal marrow are all present.
Such structures occur also in the connective tissue areas of the medulla and between the bone and the connective tissue. Wherever these structures are found some fragments of bone are usually present.
Animal 17. 104 Days after Ligationz-:-The gross appearance of the left kid-
ney is similar to that of the previous animal. In the calices are noted a few grayish white shells of bone enclosing red streaks about 3 ram. wide and 1 era. long.
Microscopic Examinatlon.--The appearance is much the same as that previously described. In this kidney, however, the spicules of bone are slightly more numerous. The cavities that occur within the bone and between the bone and connective tissue resemble closely the normal marrow of the rabbit. Giant cells of megacaryocyte type are fairly numerous and are actively engaged in phagocytosis of myelocytes and polymorphonudear leucocytes. One or two small sequestra without bone cells or endostenm are found lying among the mass of myelocytes. The edges of the bone facing the marrow cavites are markedly irregular and appear to be eroded, in these places the bone cells being indistinct and the endosteum absent. Masses of leucocytes may be seen piling up along the eroded edges.
Animals 18, 19, and 20.--The left kidneys in these animals are covered by a dense mass of fat. Upo n opening this fatty capsule a collection of thick, creamy pus is found exuding from the very small kidney whose tissues have become extremely friable. Neither calcium nor bone is found.
Summary of Histological Findings.
Of twenty rabbits whose renal artery and vein were llgated, three became infected i of the remaining seventeen animals, bone was produced in all but the first four of the series. The presence of bone became macroscopically evident as early as 32 days after ligation, and the bone continued to become larger and thicker until about the 54th day, when definite red marrow could be recognized. The sequence of events as we have observed it may be summarized briefly as follows:
Hyaline Degenerat~n.--3 days after ligation the kidney is swollen and dark red. Sections through the organ show a definite hyaline change in the cytoplasm of the renal tissues. The nuclei of the cells are more pycnotic than normally. No caryorrhexis has yet occurred, and the cells although hyaline are not yet completely necrotic. There is a zone of leucocytes close under the capsule. The epithelial covering of the calices is also hyaline and in places is desquamated en bloc.
The progress of the degeneration of parenchymatous tissue, however, is slow, viable looking epithelial areas being present as late as 70 days after ligation.
Calcification.--A histologically recognizable degree of calcium deposition is observed 3 days after ligation. At this stage, however, it is present only as extremely minute traces of granular deposits and is confined to the tubular and glomerular epithelium along the zone of leucocytic infiltration under the capsule. 14 days after ligation the amount of calcium deposited is only slightly increased over that of the 3rd and 7th day stages and is still confined to the external portions of the cortex. 27 days after ligation the amount of calcification is decidedly increased and the process involves the medulla as well as the cortex. From this stage on until about 41 days after ligation the increase in the amount of calcium, as it is roughly estimated by histological appearance, is rapid and progressive, involving not only the epithelial elements but the interstitial tissue and the wall of the vessels as well. As the calcium salts are continually deposited, relatively large placques replace the formerly granular deposits. These placques are found in various shape~ and sizes and occur in the cortex, medulla, and in the areas close to the pelvis. Quite frequently they present irregular indentations along their edges in which are found capillaries and fibroblasts migrating from the surrounding granulating tissue. Multinucleated giant cells also occur frequently in the neighborhood of these lime plates. New connective tissue grows in both from the capsule and from the calices and slowly replaces the necrotic tubules and glomeruli, and surrounds completely the islands of calcium deposits. No fatty degeneration or infiltration has been noticed prior to calcification. The preliminary step to calcification as we have observed it consists th.us of coagulation necrosis following the induction of anemia.
Ossifivation.--The first evidence of bone formation is noticed 28 days after ligation. From this time on, all the kidneys examined show the presence of more or less bone except in the three animals whose left kidneys had become infected.
The site of the occurrence of bone is consistently the connective tissue areas of the calices close under the transitional epithelium which is similar in appearance to ureteral epithelium. In earlier stages no other areas contain bone, whereas spicules are found well out in the medulla in some of the later stages. In no case, however, is there an evidence of ossification originating under the capsule. The total amount of osseous tissue increases onthe whole, and the appearance of the bone becomes more characteristic as time goes on.
As early as 32 days after ligation thin bony shells are visible to the naked eye. By 94 days it is possible to foretell the presence of typical red marrow by observing with the naked eye streaks of bright red areas enclosed by spicules of bone. From 66 days on it becomes gradually more evident that the resorption of bone is more rapid than its formation. Multinucleated giant cells of the type usually spoken of as osteoclasts are more frequently seen in the later stages than in the earlier. These giant cells are closely applied to the periphery of the bone into which they appear to have penetrated to variable distances. At 94 days and thereafter sequestra make their appearance in the marrow cavities; some of the bone spicules become fragmentary and their bone cells less distinct than in the earlier stages; and in many instances the periphery of the spicules is milch more irregular than formerly.
The processes of bone formation in the kidneys as we have observed them are as foll0ws: Following the hyaline degeneration and calcification of renal tissues the connective tissue cells take part in bone formation in three different ways. In the first place, rather loose fibrous connective tissue i~ formed by a proliferation of fibroblasts that accompany the capillaries. The transitional epithelium of the upper part of the ureter comes up with these structures. In the connective tissue thus formed under the epithelium a small spicule of bone makes its appearance. In general, the axis of bone cells is parallel with that of the surrounding connective tissue, cells. An irregular layer of fibroblast-like cells surrounds the bone in a manner similar to the periosteal membrane; some of these cells have become continuous through their cytoplasm with the matrix of the bone, the nuclei still retaining their large vesicular form. A few lymphocytes as well as several loose fibroblasts lie close to the periosteum-like membrane (Fig. 1) .
In the second type of ossification, seen frequently but only where the type described above has initiated the process and is still actively at work, there is a direct ossification of the hyaline connective tissue in continuity with the periphery of the preexisting bone (Figs. 2  and 3 ).
In the third type of ossification, seen only in one specimen in which epithelial buds and bone spicules extend far out into the medulla, the bone is formed directly in contact with the eroded edges of the llme placques. In this case the fibroblasts that erode their way with the capillaries into the calcified tubules seem to take on an osteogenic function and bone is laid down, largely in concentric lamell~e, against the lime deposits. In some places the bone formation begins at the periphery and surrounds a placque. As these various foci of ossification grow they produce coalescing conglomerates of true bone and calcium precipitate, which form large dense spicules, in which very little marrow is seen, though the Haversian canals contain highly vascular reticnlum (Fig. 5) .
Formation of Bone Marrow.--A slight suggestion of a cavity in the bone is present in the earliest stage at which the bone is found. This consists of a dent in the" periphery of the spicule and is occupied by a row of a few fat spaces along the edge of the bone, fibroblasts migrating from the surrounding connective tissue areas, and a minute capillary containing a few erythrocytes. Within this cavity is seen a multinuclear giant cell of the so called osteoclast type clinging to the edge of the bone. Complete marrow cavities may be produced either through an enlargement of a dent in the periphery of the bone together with an ossification of the neighboring connective tissue areas, or through bone formation around an area of reticular connective tissue elsewhere described. In earlier stages the contents of these cavities consist of fibroblasts, capillaries, and fat spaces. Leucocytes,.chiefly small lymphocytes, are also found in them.
At the 35 day stage rather large numbers of myelocyte-like cells are noted. These ceils possess a large cytoplasm with fine amphophilic granules and a large, vesicular, single nucleus of oval or V shape. Some containing coarse, eosinophilic granules also occur, but much less frequently. Such cells are found in groups quite apart from bone as well as within the marrow cavities. Whereas in the areas free from bone no mitotic figures can be observed, they are frequently seen among the cells lying within the marrow cavities. Direct evidences of genetic relation between these myelocyte-like cells and fibroblasts or large mononuclear leucocytes cannot be estabfished in our series. Even when they occur away from the existing bone, such areas may later be surrounded by new forming bone. The typical marrow previously described is seen in the bones which are at least 5 weeks old. In the kidneys which contain such marrow, myelocytes are confined strictly to the cavities within the bone or to the close neighborhood of the" bone. The mitosis of the myelocytes which was described for the 35 day stage is present even as late as 104 days after ligation. Apparently the abundance of myelocytes in the later stages owes its origin to a rapid proliferation of these cells.
Series 2. Autotransplantation of Cartilages.
In this series fourteen animals were killed from 7 to 80 days after subcutaneous autotransplantation of ear and xiphoid cartilage. Microscopic Examination.--Sections of the xiphoid cartilage show nothing umtsual, the appearance being similar to that seen in the 1 week stage. The original cartilage appears as a rather faintly stained pink cast with empty lacunae in many places. Lying on each side of it is a thick growth of new cartilage; that nearest the oM cartilage consists of masses of deep blue cartilagecells with dark granules marking the nuclear structures, and separated from each other by a deeply red hyaline substance. Along the borders and out in the perichondrium are layers and islands of young, growing cartilage with a pale blue matrix and lacunm containing cells with red, finely granular cytoplasm and nuclei which are either vesicular or, as in several places, somewhat pycnotic. The perichondrium merges into the surrounding dense connective tissue.
Animal 7. 59 Days after Transplantation of Boiled Cartilages. Microscopic
ExaminaKon.--Sections show that most of the cartilages are represented by mere pink shadows with empty lacunae, although in places there are cells which look exactly like those in the 7 day stage, suggesting that either the boiling has not been sufficiently long or the cartilage cells have been fixed by being boiled. No newly formed cartilage is, however, noted in the perichondrial connective tissue. In places the lacume present a dark-blue-stained lining as though calcification were beginning to take place. In the dense connective tissue surrounding the cartilage a spicule of bone about 0.5 by 1 mm. in size is found. It contains a cavity filled with myelocytes, a few multinuclear giant cells, fat spaces, and reticular connective tissue. Its inner border is lined with a membrane of cells similar to endosteum (Fig. 6) . Although it is difficult to rule out a possibility of its connection with cartilage, in all of half a dozen sections taken at various levels we are unable to establish such a connection.
The connective tissue surrounding the bone is rich in young fibroblasts, and the transition from osseous to connective tissue is gradual at one end. The bone cells are laid down in concentric circles around the marrow cavity and the fibroblasts around the bone are also so arranged; thus the bone and the immediately surrounding connective tissue form an eddy-like structure in a mass of fibrous tissue whose fibers run in lines parallel with the axis of the cartilage.
Animal 8. 67 Days after Transplantation. Microscopic Examination.--The
sections show a condition about the same as that of Animal 4,.except that there is more newly formed cartilage. Careful search shows no signs of ossification.
Animal 9. 69 Days after Transplantation. Microscopic Examination.--The
xiphoid cartilage shows no well marked changes. The ear cartilage appears much like that seen in Animal 5. The original transplant appears totally necrotic, although in some places proliferating cartilage can still be seen on one side under the perichondrium. On the border of the dead cartilage there is a layer of pale blue, finely striated hyaline tissue which corresponds to the original perichondrium. Peripheral to this is a very thick layer of new cartilage. In two places bony spicules, 1 to 2.5 ram. in length, extend into the new cartilage from the newly formed perichondrium (Fig. 7) . They seem to erode the cartilage and extend as far as the old perichondrium. They contain Haversian systems, marrow cavities, an endosteum-like membrane of cells, and in places incorporate into their substance shadows of cartilage cells.
Animals 10, 11, and 12. 72 Days after Transplantation. Microscopic Exami,-
nation.-vGeneral appearance of sections is much like that found in the previous animals. In Animals 11 and 12 the old cartilage is fairly well preserved, and there is somewhat less growth of new cartilage than in Animal 8. All the newly formed cartilages are~ found in the form of islets of cells in the perichondrium.
Animals 10 and 1~1 show two, and Animal 12 shows one spicule of bone. All these bones are located in the perichondrium, and extend from it into the newly formed cartilage, exactly as in normal endochondral ossification. These bony spicules contain typical Haversian systems and are lined along their inner borders by an endosteum-like membrane (Fig. 8) . Animal 14 shows a round spicule of bone near the ear cartilage transplant larger than the one just described. This spicule is surrounded by a thin layer of connective tissue on three sides so that it has the appearance of projecting from the perichondrium into an area of areolar connective tissue.
Summary of Histological Findings.
In the fourteen animals in which the ear and xiphoid cartilages were autotransplanted, bone was found in seven specimens of ear cartilages removed from 59 to 80 days after operation. One of these ear cartilages had been boiled previous to implantation. In xiphoid cartilages transplanted and removed under the same conditions and in the same animals as corresponding ear cartilages, bone formation did not take place.
Reaction of Tissue around the Transplant.--In the connective tissue
around live or boiled transplants a definite inflammatory reaction is seen in the 7 day stage; polymorphonuclear and lymphocytic infiltration, an increase in the capillaries, and a proliferation of fibrous connective tissue cells are evident. This inflammatory reaction subsides gradually as seen in the 16, 21, and 28 day stages. The connective tissue surrounding the transplants blends completely with the periChondrium by the 43rd day, and makes it appear possible that it has taken up the function of perichondrium.
Changes Occurring in the Cartilage.--In the early stages the gradual degeneration and necrosis of the original cartilages can be followed. Beginning at the center the matrix assumes an eosin tint and the nuclei become pycnotic; the peripheral layers of the cartilage and the perichondrium appear healthy at earlier stages. The specimen of boiled cartilage removed in earlier stages shows practically the same general picture, except that here the perichondrium is entirely necrotic and only the matrix of the cartilage appears normal; the cells of the periphery retain their form and the nuclei stain deeply in hematoxylln. The general impression gained from such a picture is that the boiling may perhaps have fixed the cells. With the ear cartilage the periph-eral layers seem to be actively proliferating, the new cartilage cells being formed from the perichondrium. In the case of the xlphoid cartilage, on the other hand, no change is seen after this time, the central portions remaining eosinophillc; the peripheral layers and the perichondrium are alive in many places, but no new cartilage is formed even in the later stages. In the ear cartilage the proliferation of new cartilage becomes evident as early as the 16 day stage and it increases as time goes on, although the proliferation is more pronounced with large than with small transplants. In some of the specimens of the ear cartilage removed from the 43 to 69 day stages in which large pieces of cartilage folded upon themselves had been used, the folds of old cartilage now entirely necrotic with empty lacuna~ and faintly pink matrix can be traced through the whole section. On each side of this necrotic cartilage, and separated from it in some places by a layer of pale blue hyaline tissue representing the original perichondrium, are seen very thick layers of new cartilage with pink cytoplasm and nuclei varying in appearance from vesicular to pycnotic. The tissue adjacent to the healthy perichondrium resembles normal hyaline cartilage, but in the deeper layers the lacunae are large and" distorted and the matrix is stained deep blue. The general picture almost resembles that of a rapidly proliferating chondroma with the centers necrotic and calcified.
' Ossifwation,--The earliest stage at which bone is found is the 59 day stage in the animal which received an implantation of boiled cartilages. In this animal there is very little evidence of new cartilage formation; the old cartilage appears dead in most places, although areas are found which suggest that possibly some of the peripheral cartilage cells are still alive, and in these areas a dense connective tissue which resembles perichondrium has been formed close around the cartilage. The spicule of bone consists of concentric lamell~e about an endosteum-lined cavity containing a typical marrow. The spicule itself is surrounded by a dense connective tissue whose fibers also run in concentric rings (Fig. 6) . In places the bone and the connective tissue merge gradually into each other. A direct connection of the bone and the cartilage cannot be found in this specimen, but this fact does not signify the independence of ~the bone of any association With the cartilage, since our serial sections have not been complete.
Of the six animals with live cartilage transplants examined from the 69 day stage on, bone is found in all. In the two animals in which only a moderate amount of perichondrial cartilage formation occurred, the spicules of bone are similar in appearance and location to the spicule just described, although both are larger and contain less marrow. In the four animals in which an extensive new formation of cartilage took place with subsequent atrophic changes and calcification as previously described, from one to two bony spicules are found in each specimen, laid down immediately under the perichondrium and invading the calcified new cartilage. In no instance does the ossification occur in the original transplant, nor do the cartilage cells play an active part in the process, although lacunae may be incorporated in the lille of advancing bone formation. The cells of the perichondrium may be so closely associated with the bone cells that a distinction between the two often becomes difficult. Here, as in other instances, the fibers of the connective tissue about the bone are arranged like whorls around the peripheral borders of the Haversian systems. Where invasion of the new cartilage by the new forming bone can be demonstrated, the picture is exactly that of normal endochondral ossification (Figs. 7  and 8 ). The cartilage cells beyond the advancing lines of ossification show evidences of rapid proliferation, with subsequent degenerative changes and calcification of the matrix. The bone spicules contai~ marrow cavities rich in capillaries and are lined with endosteum:. The borders of these spicules invade the calcified cartilage and in places incorporate shadows of matrix and lacunae. DISCUSSION. Before discussing the new points brought out by the experiments it will be well to consider to what extent we have been able to corroborate the observations and views of previous investigators. Unlike Liek, who used a method similar to ours in studying the rabbit kidney, we did not find evidences of bone formation as early as 16 or 20 days after ligation of the renal vessels. This failure may have been due to differences in the rate of restoration of vascularity. Nor did we observe in the early stages of bone formation in the kidney the close juxtaposition of the bone and the calcium deposits noted by this author. On the contrary, in our earliest stage the bone was located under the epithelium of the pelvis farthest from the calcified tubules. In all our kidneys prior to the time when the epithelium of the calices had grown out to the lime placques, no bone was found in the cortex.
As to the mode of transformation of connective tissue into bone, two distinct processes have been hitherto described by numerous writers. According to their views, either a hyaline connective tissue or scar tissue may be directly converted into bone, or calcified materials may be eroded with a formation of vascular areas containing young connective tissue cells, some of which take on the function of osteoblasts. As has been described previously in this paper, the histological pictures presented by our specimens probably represent three different methods of transformation. The first and most frequent is the accumulation of youn K fibroblasts in the area under the transitional epithelium to form a sort of membrane which lays down bone. The bone increases in size by progressive ossification with inclusion of cells of the periosteum-like membrane. Second in frequency is the type described by Liek, Rosenstein, Pearce, and others, in which there is a direct transformation of hyaline connective tissue into bone. This process takes place only in the presence of preexisting bone, and for this reason cannot be considered as a primary process. The third type, in which cells of the-vascular granulating :issue which erodes calcium deposits become converted into osteoblasts, was observed only in one of the thirteen specimens showing bone formation.
The theory that heteroplastic bone is formed as a result of stimulation of young fibroblasts by lime salts rests mainly upon the recorded fact that the bone formation takes place in the immediate vicinity of the calcium deposits, since Liek and many others have been unable to confirm the statement made by Barth (16) that injection of calcium salts or implantation of dead bone will stimulate bone formation. In our series of calcium injection, the experimental data of which are omitted for the sake of brevity, no evidence of bone formation was observed as late as 50 days after the injection. In pathological calcification followed by ossification there may perhaps be other factors involved than the mere presence of calcium salts, and these as yet undetermined factors may be essential in the heteroplastic bone formation. It seems evident that in a richly vascular tissue, cells a few millimeters away from the relatively insoluble salts would be bathed by a tissue fluid of practically the same composition as that found in any other part of the body. A close proximity between the bone and lime salts has not been found in our series. However, it is impossible to exclude the possibility that the young connective tissue cells may have received a stimulus from the calcium salts at the time they first migrated into the necrotic areas poor in blood supply, with the subsequent formation of bone when vascularity was restored and the area again comparatively free from calcium.
In the case of ossification in the cartilage series in which endochondral bone formation was observed, .evidence points towards the stimulation of fibroblasts by almost direct contact with the calcified matrix of the cartilage. In the instances in which connection between carNage and bone could not be established and the process of ossification resembled that in the kidney described as the first type, a stimulation by calcium may have played a part, since as Wells and Benson (17) have shown even the cartilages that do not ossify have some affinity for calcium and absorb the salts from the tissue fluidsl It is not improbable that fibroblasts coming in contact with such cartilage might be caused to differentiate into osteoblasts under" favorable conditions.
CONCLUSIONS.
I. Bone formation in the rabbit kidney with ligated vessels takes place (a) through the activity of young fibroblasts which accumulate to form a membrane-like structure; (b) subsequently by direct ossification of hyaline connective tissue in continuity with preformed bone; and (c) through erosion of lime placques by granulating tissue and laying down of lamellar bone by cells derived from fibroblasts.
2. Bone formation in the rabbit kidney begins not in direct contact with calcium deposits, but in the loose vascular connective tissue close under the transitional epithelium of the calices.
3. With autotransplanted ear cartilage of the rabbit there is an active new formation of cartilage in the connective tissue which surrounds the transplants, and the bone is formed by the fibroblasts from the perichondrium which erode and invade the calcified areas in this new cartilage. 
